Research has shown that judgments about upcoming test performance generally exhibit overconfidence, whereby they are higher on average than mean test performance (Ayton & McClelland, 1997) . Whereas this finding is widely but not always found (Fischhoff, Slovic, & Lichtenstein, 1977) , the conclusion that people are usually overconfident is at odds with the findings of Koriat (1997) and Koriat, Sheffer, and Ma'ayan (2002) showing that overconfidence is confined to the first trial in a multitrial learning situation. Judgment inaccuracy, seen in the first trial as overconfidence, shifts toward underconfidence in Trial 2 and beyond. This phenomenon has been dubbed the Underconfidence with Practice (UWP) effect.
Although the UWP effect appears to be robust-with one exception that will be detailed shortly-the causes of the effect are currently unknown. Koriat et al. (2002) demonstrated that it persisted despite a variety of experimental manipulations. For example, feedback about performance on a prior trial failed to diminish underconfidence on the next trial. Both incorrectly and correctly recalled Trial 1 items showed underconfidence on Trial 2. The UWP effect obtained with both fixed and self-paced study-time allocation. It does not appear to be attributable simply to subjective control of study. With incentives given for accurate judgments, a manipulation that increased Trial 1 judgment of learning (JOL) accuracy, UWP persisted. The UWP effect arose in both item-byitem and aggregate JOLs. Related and unrelated word pairs both showed Trial 2 underconfidence, suggesting that UWP is not materials dependent. Item difficulty has also been varied. Numerous studies have shown that easy materials tend to result in less overconfidence than difficult materials . However, Koriat et al. (2002) reported that easy and difficult items showed UWP, casting some doubt on the idea that the UWP effect reflects a hard-easy difference whereby as items become easier from trial to trial (with learning), underconfidence increases.
Finally, Serra and Dunlosky (2005) recently provided data against the idea that UWP is attributable to retrieval fluency. The idea is that although people are likely to recall on Trial 2 items that they already recalled on Trial 1, they may feel less than 100% confident about their ability to do so, especially for items that were recalled with difficulty on the first trial. Thus, the items that lacked fluency on the first trial recall-even though recall was eventually successful-should be treated gingerly and given relatively low JOLs. If the retrieval fluency explanation were correct, those items should contribute disproportionately to the UWP effect. Despite the reasonableness of the hypothesis, Serra and Dunlosky's data provided no support for this potential locus of the UWP effect.
The one procedure, so far, that has modulated the UWP effect is delaying the JOLs (Koriat & Ma'ayan, 2005; Koriat, Ma'ayan, Sheffer, & Bjork, 2006; Meeter & Nelson, 2003; Scheck & Nelson, 2005; Serra & Dunlosky, 2005) . The original UWP proposal was based on studies that all used immediate JOLs. Studies that have contrasted immediate with delayed judgments have consistently found that immediate Trial 2 JOLs show more underconfidence than delayed JOLs. Indeed, the data to date have suggested that there may be no UWP effect with delayed JOLs. Meeter and Nelson (2003) showed only a 1% difference between delayed judgments and recall performance. Serra and Dunlosky (2005) showed underconfidence for both delayed and immediate judgments but a greater degree of underconfidence in the immediate condition. Data reported from earlier work from the same lab (Dunlosky & Connor, 1997) showed slight overconfidence with delayed JOLs. Koriat and Ma'ayan (2005) and Koriat et al. (2006) also reported slight overconfidence on Trial 2 delayed judgments. Taken together these reports suggested that delayed JOLs are not underconfident.
One focus of research likely to be fruitful is the exploration of the information people use to make immediate JOLs as compared with delayed JOLs because the former show UWP and the latter do not. Presumably, the heuristic information that is used to make immediate as compared with delayed JOLs may reveal the basis of the UWP effect. We adopted this strategy here.
In reviewing the literature contrasting immediate and delayed JOLs, it seems clear that people use different heuristics when they make these two kinds of JOLs (but see Sikström & Jönsson, 2005) . It is well established that delayed JOLs show a predictive accuracy advantage over immediate JOLs, an advantage that may modulate metacognitive biases. There is disagreement about whether the improved accuracy with delayed JOLs is a memory effect due to retrieval (Kimball & Metcalfe, 2003; Spellman & Bjork, 1992) or a pure metamemory effect (Koriat, 1997; Nelson & Dunlosky, 1991; Nelson, Dunlosky, Graf, & Narens, 1994) , but there is general agreement on the idea that the information people use to make delayed JOLs involves a target retrieval attempt that is highly diagnostic of their subsequent target retrieval attempt at time of test.
There is less agreement about what information people use to make immediate JOLs. Information in short-term memory (Nelson & Dunlosky, 1991) , an ease of processing evaluation that takes into account ease of encoding (Begg, Duft, Lalonde, Melnick, & Sanvito, 1989; Hertzog, Dunlosky, Robinson, & Kidder, 2003; Koriat & Ma'ayan, 2005) , or normative difficulty of the items (Koriat, 1997) have been proposed as candidates. This information does not engender accurate JOLs, however, as is reflected by very low first trial gamma correlations. This information may be used primarily in the first trial, whereas other heuristics may come into play by the second trial (see Koriat et al., 2006) .
We propose that after a test people may make subsequent immediate JOLs on the basis of the outcomes of the test. If they remember getting the item right on the test, they give it a high JOL; if they remember that they did not get it right-despite the presence of that item in their current working memory and despite the learning that may have occurred-they may tend to give it a low JOL. We call this heuristic Memory for Past Test (MPT).
Our proposal that people may use the MPT heuristic (when such memory is available-i.e., by the second trial-in the immediate but not the delayed JOL condition) contrasts with Koriat et al. (2002) , who suggested that previous test trial performance is unimportant for the UWP effect. They argued against the possible effect of previous-trial test performance because recalled and unrecalled items both showed the UWP effect. Underconfidence for the unrecalled items follows straightforwardly from the MPT heuristic. Underconfidence for the recalled items would be expected if there were any forgetting at all of what one recalled, or indeed, if there were any variability in those judgments, because the judgments are constrained to not go above 100%. Variability cannot be normally distributed, however, and all variability will be downward from 100% and, necessarily, will register as underconfidence. Despite Koriat et al.'s (2002) argument, it seems that a reliance on past test performance might be central to the UWP effect.
In the face of nondiagnostic information during the relatively inaccurate immediate JOL assessment, prior test performance on individual items may serve as one of the few reliable indicators of upcoming test performance and might well be used. Insofar as other, more reliable information is available-such as the goodness of a current retrieval attempt-as is available with delayed JOLs, it seemed plausible to suppose that judgment makers may be less dependent on prior test information. Accordingly, it is plausible that JOLs will rely on MPT when the judgments are made immediately but not at a delay.
An underlying assumption, for the MPT hypothesis, is that people can remember fairly well how they performed on individual items on their past test. Research has demonstrated that people have very good memory for their previous test performance (Gardiner & Klee, 1976) , and memory performance on the prior trial is strongly correlated with JOL ratings on a subsequent trial (Hertzog, Dixon, & Hultsch, 1990; King, Zechmeister, & Shaughnessy, 1980; Lovelace, 1984; Thiede, 1999) . Furthermore, several experiments have shown that a prior test can result in modification of subsequent-trial encoding strategies (Gardiner, Passmore, Herriot, & Klee, 1977; Halff, 1977; LaPorte & Voss, 1974) . So, people appear to have access to their previous-trial test performance and to be able to use this information.
Basing one's current judgments, in part or in whole, on previous test outcomes is an empirical possibility and one that could lead to systematic bias in the direction of underconfidence. UWP would result if such a reliance on the item-by-item outcome of the previous test was either the exclusive heuristic used-because, if any learning occurs over trials, Trial 1 performance will be lower than Trial 2 performance-or if it were coupled with any discounting of or inaccuracy in the amount of learning due to current-trial study efforts.
Experiment 1
Our hypothesis was that the UWP effect, which should occur selectively in the immediate JOL condition but not the delayed JOL condition, is due in part to a reliance on the MPT heuristic. When judgments can rely on more diagnostic prospective information, as with delayed JOLs, MPT need not contribute to the judgment. We hypothesized that Trial 2 immediate JOLs would be better predicted by Trial 1 test than would Trial 2 delayed JOLs because of the proposed selective use of the MPT heuristic in the immediate case. We also hypothesized that items that were forgotten on Test 1 but remembered on Test 2 should contribute disproportionately to the UWP effect in the immediate JOL condition as compared with the delayed JOL condition, again, because of reliance on the MPT heuristic in the immediate JOL condition.
Method
Participants. The participants were 24 undergraduates, ages 18 to 24 years, from Columbia University and Barnard College. They received partial course credit for their participation. Participants were treated in accordance with APA ethical guidelines.
Design. The experiment consisted of a 2 (trial: 1 or 2) ϫ 2 (JOL condition: delayed or immediate) ϫ 2 (order of immediate JOL: first or second) within-participants, between-list design, with 48 word pairs per JOL condition.
Materials and apparatus. The lists consisted of 48 cue-target pairs randomly drawn without replacement, from the Toronto Word Pool, a pool of 1,080 common English two-syllable words (Friendly, Franklin, Hoffman, & Rubin, 1982) . Mean length of the cue and target was 6.24 letters, and no words exceeded 8 letters. Selection of which list would be slated for immediate or delayed JOLs was determined in a randomized counterbalanced order for participants.
Procedure. Participants were instructed that they would be studying 48 cue-target pairs, making JOLs, taking a cued-recall test, and that they would go through this procedure twice. JOLs were explained as judgments of learning based on what participants thought their chances were for recalling the second word when given the first word during a memory test that would happen in a few minutes, and they were asked to use a scale from 0%-100%. In the immediate condition, participants were informed that they would make a JOL immediately after they studied the pair and after the entire study list had been presented in the delayed condition. JOLs were made with only the cue present. After completing two study-test trials on the same list of words (presented in a different random order), participants learned a new list and were given instructions about how to make the other judgment (either immediate or delayed, depending on what they had been presented for the first list). Order was counterbalanced but had no effect in any analysis and will not be further discussed.
Cue-target pairs were shown for 3 s each. In the immediate condition, pairs were immediately followed by presentation of the cue for an immediate JOL. In the delayed condition, each pair was followed by a new cue-target study presentation. After all of the pairs had been presented, approximately 2.5 min later, the cues were reshuffled and presented for delayed judgments.
A self-paced cued-recall test followed approximately 10 min later. The second trial followed approximately 3 min after the Trial 1 test. Participants completed two trials for each JOL condition.
Results
Trial 1 recall performance means were .22 for immediate and .11 in the delayed condition; for Trial 2, the means were .40 and .31, respectively. Recall performance increased from Trial 1 to Trial 2, F(1, 23) ϭ 85.37, MSE ϭ .01, p Ͻ .001, 2 ϭ .78 (effect size was computed with partial eta squared), and there was a difference between the conditions, F(1, 23) ϭ 12.41, MSE ϭ .02, p ϭ .002, 2 ϭ .35. Immediate JOL items had higher recall performance than did delayed JOL items. There was no interaction between trials and condition (F Ͻ 1).
Trial 1 JOL means were .37 for immediate and .20 for delayed; Trial 2 means were .35 and .32, respectively. JOLs slightly increased over trials; mean Trial 1 JOL was .28 and mean Trial 2 JOL was .33, but this trend was not significant. There was a main effect of condition, F(1, 23) ϭ 10.67, MSE ϭ .02, p ϭ .003, 2 ϭ .32; immediate JOLs were higher overall. The interaction for JOLs between trials and condition was significant, F(1, 23) ϭ 21.33, MSE ϭ .01, p Ͻ .001, 2 ϭ .48. The UWP effect is a measure of absolute bias, corresponding to the overall mean of the judgments as compared with the mean recall score. This can be measured in terms of calibration, which is the mean recall performance subtracted from the mean JOL. An underconfidence bias is evidenced if the mean JOL underestimates mean recall performance. In contrast, the relative accuracy, or resolution, of JOLs is a different metacognitive assessment of whether the person can predict which items will be remembered and which will be forgotten. Resolution differs from calibration because it measures whether the relative magnitude of JOL values is appropriate: Do people get highly ranked JOLs correct on a test? When JOLs are higher for items that will be answered correctly and lower for items that will be answered incorrectly, resolution is high.
The UWP effect is a calibration effect. However, the MPT hypothesis indicates that the UWP effect may be a result of the reliance on individual items' past recall. This is measured by the relative accuracy or resolution not to the upcoming test but rather to the past test. According to the MPT heuristic, people assign items that were correctly recalled on the last test high JOLs and items that were forgotten low JOLs, resulting in high resolution between current JOLs and past (but not necessarily upcoming) test. Thus, we are concerned with both calibration (the indicator of the UWP effect) and resolution (especially with respect to past test-an indicator of the use of the MPT heuristic) in the analyses that follow.
We Fitting such a multiple linear regression model to each participant's data in both the immediate and delayed conditions affords a powerful test of our predictions about the factors affecting Trial 2 JOLs. Multiple linear regression is a technique used to evaluate the independent contributions of two or more predictors on a dependent measure (Cohen, Cohen, West, & Aikin, 2003) , in this case Trial 2 JOLs. Separate simultaneous models 1 were computed for immediate and delayed conditions, yielding four standardized beta coefficients for each participant. Each participant's standardized beta coefficients indicate how well the predictor variables (Trial 1 test or Trial 2 test) accounted for the JOL, that is, the extent to which Test 1 recall success or failure (MPT) or Test 2 recall success or failure was used to make JOLs. The standardized beta coefficients for each participant, which resulted from their own simultaneous multiple regressions, were then entered into a 2 ϫ 2 analysis of variance (ANOVA), with factors being condition (immediate or delayed) and test beta (1 or 2).
As is shown in Figure 1 , immediate JOLs showed a larger mean standardized beta coefficient for Trial 1 test than for Trial 2 test, as predicted by the MPT hypothesis, whereas the delayed condition showed the reverse pattern. This interaction was significant Finally, we investigated whether unrecalled items on Test 1 that were subsequently remembered on Test 2 contributed disproportionately to the UWP effect. If MPT were being used, as we expect is the case in the immediate but not the delayed condition, then JOLs for items that were forgotten on Trial 1 but remembered on Trial 2 (FR) should be lower than items that were remembered on both trials (RR). Furthermore, the selective underconfidence on the FR items should be amplified in the immediate JOL condition, as compared with the delayed JOL condition.
We computed a 2 (JOL condition: immediate vs. delayed) ϫ 2 (item status: FR vs. RR) within-participants ANOVA. The mean immediate and delayed JOLs for FR and RR are depicted in Figure  2 . There was a significant interaction between JOL condition and item status, F(1, 20) ϭ 7.22, MSE ϭ .03, p ϭ .01, 2 ϭ .27. Immediate and delayed RR conditions were not significantly different from one another (t Ͻ 1). The locus of the interaction was in the FR conditions: JOLs were disproportionately low in the immediate JOL conditions with the items that had been forgotten on the previous test. The difference between FR and RR was over twice as large in the immediate condition (.33) as compared with the delayed condition (.14), t(20) ϭ 2.69, p ϭ .01. The immediate FR condition, which showed the lowest mean JOL overall (.40), was significantly different from the delayed FR condition, t(21) ϭ 2.67, p ϭ .01.
Discussion
An ANOVA using the standardized beta coefficients from each participant's simultaneous regression model provided evidence that immediate JOLs rely on prior test, as indicated by the MPT heuristic. When judgments were immediate, Trial 1 test best predicted an item's Trial 2 JOL. When judgments were delayed, however, Trial 2 test best predicted Trial 2 JOLs, indicating that people did not rely on the MPT heuristic in this condition. We also showed that in comparison with delayed JOLs, immediate JOLs were selectively underconfident on those particular items that had been forgotten on the last test. These results suggest that people use the MPT heuristic in making Trial 2 immediate JOLs and that the use of this heuristic contributes to the underconfidence seen, selectively, in that condition.
Experiment 2
We tested the reliability of the results in Experiment 1 by performing a second experiment, with some variations, targeting the same questions. In Experiment 2, participants made delayed and immediate JOLs within list rather than between list. Because both conditions were mixed within a single list, this was a more demanding test of whether the sources of information with the two kinds of judgments might be different. Nevertheless, we expected that the results would be similar to those found in Experiment 1.
Method
Participants. Thirty Columbia University and Barnard College undergraduates, ages 18 to 26 years, participated for course credit or cash. Note. All data, unless noted, are significantly different from zero at p Յ .01. JOL ϭ judgment of learning.
Design. The experiment was a 2 (trial: 1 or 2) ϫ 2 (delayed or immediate JOL) within-participants design with 24 word pairs per JOL condition.
Materials and apparatus. The word lists were 48 cue-target pairs made up of concrete nouns that ranged from high (windowpane) to low (tulip-brush) associability, as normed on Columbia undergraduates in a separate study. Mean length of cue and target was 6.24 letters. Each participant was given a distinct random selection of pairs slated for immediate and delayed JOLs. Classification of the pairs into delayed or immediate JOL condition was retained throughout both trials.
Procedure. Participants were instructed that they would be studying 48 cue-target pairs (24 pairs per JOL condition), making JOLs, taking a cued-recall test, and that this procedure would happen twice. JOLs were explained as in Experiment 1. Cue-target presentation and the recall test followed the same procedure as in Experiment 1.
Results
Recall performance means for Trial 1 were .50 and .47 in the immediate and delayed conditions, respectively; for Trial 2 they were .82 and .80. Recall increased from Trial 1 to Trial 2, F(1, 29) ϭ 291.10, MSE ϭ .01, p Ͻ .001, 2 ϭ .91. Immediate and delayed JOL conditions showed no differences in recall performance, and there was no interaction between trials and condition on recall (F Ͻ 1). 
General Discussion
Both experiments implicate the MPT heuristic after Trial 1 when making immediate JOLs. Simultaneous multiple regression showed that the past test predicts immediate JOLs better than does the upcoming testing. Furthermore, items that were forgotten on the past test but remembered on the next test, in the immediate condition alone, contribute disproportionately to the underconfidence effect. It is with the immediate condition, and not the delayed JOL condition, that the UWP effect is observed.
In the absence of better information (available with delayed JOLs), memory for past performance may be a relatively accurate predictor of future performance. It is interesting to note that it may also be adaptive in allowing the learner to sort out items that need no further study from those that are appropriate for the allocation of additional study time and effort. The MPT heuristic, whereby people base their metacognitions on their remembered past test performance and fail to adequately take into account new learning, appears to be a way to target items that could benefit from additional study time.
Although divergences from calibration have been taken to flag inadequacies in metacognitive control, we suggest that the repercussions of people's underconfidence-because it is based, at least in part, on the MPT heuristic-might have a positive spin. Additional attention and study effort to the just-learned items-items that are fragile and need bolstering-may be an unexpected benefit of what might otherwise be deemed simply another metacognitive error.
3 Results were also identical to Experiment 1 in an analysis that used ranked JOLs in the regression models for each participant. 
